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6HYHUDO EULGJHV LQ WKH QRUWK SDUW RI 6ORYDNLDZHUH EXLOW XVLQJ WKLV WHFKQRORJ\ 7KHPHQWLRQHG W\SH RI EULGJH
VWUXFWXUHKDVEHHQLQVHUYLFHIRU\HDUV0DQ\RIWKLVILUVWSUHVWUHVVHGFRQFUHWHEULGJHVDUHLQIDLOXUHFRQGLWLRQD
QHHGUHSDLURUVWUHQJWKHQLQJ
'HVFULSWLRQRI&RQFUHWH%ULGJH
2QHRIWKHILUVWJHQHUDWLRQRIWKHSUHVWUHVVHGURDGEULGJHVORFDWHGQHDUWKHYLOODJH3RGELHOLQQRUWKSDUWRI6ORYDNLD
FURVVLQJWKHULYHU6WXGHQê3RWRNZDVEXLOWLQ7KHEULGJHFRQVLVWVRIVLPSOHVSDQVRISRVWWHQVLRQHGFRQFUHWH
JLUGHUV³7´VKDSHRIPORQJ7KHVSDQVDUH[P7KHWRWDOOHQJWKRIEULGJHLVP7KHEULGJHZLGWKLV
P7KHURDGZD\RQWKHEULGJHLVP2QWKHERWKVLGHVRIWKHGHFNDUHZDONZD\VRIPZLGWK7KHOD\RXW
VFKHPHRIWKHEULGJHLVVKRZQLQ)LJXUH
7KHVXSHUVWUXFWXUHFRQVLVWVRISRVWWHQVLRQHGJLUGHUVZLWKVSDFLQJRIP7KHFRQVWUXFWLRQKHLJKWRI WKH
JLUGHULVPWRSIODQJHLVPZLGWKDQGWKHERWWRPIODQJHLVPZLGH&URVVEHDPVZHUHPDGHDVDSDUWRI
WKHJLUGHU7KHVXSHUVWUXFWXUHZDVSODFHGRQWKHVWHHOVOLGLQJEHDULQJVRQWKHDEXWPHQWVDQGRQWKHVWHHOIL[HGEHDULQJV
RQWKHFHQWUDOSLHU
7KHJUDYLW\DEXWPHQWVDUHPDGHRIXQUHLQIRUFHGFRQFUHWHDQGIDFHGZLWKVWRQH7KHZLQJZDOOVDUHJUDYLW\DQG
SDUDOOHOWRRYHUURDG7KHFURVVVHFWLRQRISLHUFRQVLVWVRIIXOOFRQFUHWHZLWKUHFWDQJXODUVKDSH7KHVKDSHRIWKHSLHU
LVPRGLILHG WR WULDQJXODU VKDSHRQ WKHXSVWUHDPVLGH DQG WR FLUFXODU VKDSHRQ WKHGRZQVWUHDPVLGH7KH VKDSH LV
FRUUHVSRQGLQJ WR IORZGLUHFWLRQ7KHSLHU LVSURWHFWHGDJDLQVWHURVLRQDOVRZLWKVWRQH IDFLQJRI WKLFNQHVVHVDERXW
PP7KHVXEVWUXFWXUHLVIRXQGHGRQPDVVLYHIRRWLQJ


)LJD7KHOD\RXWVFKHPHRIWKHSUHVWUHVVHGEULGJHWKHORQJLWXGLQDOVHFWLRQRIWKHEULGJH
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
)LJE7KHOD\RXWVFKHPHRIWKHSUHVWUHVVHGEULGJHWKHFURVVVHFWLRQRIWKHEULGJH
2.1. Technical condition of bridge 
7KHFRQFUHWHEULGJHLVORFDWHGRQWKH,PDLQURDGZKLFKLVLPSRUWDQWWUDIILFOLQHEHWZHHQ6ORYDNLDDQG3RODQG
ORFDWHGDERXWNPIURPWKHERUGHU7KH WUDIILFRIYHKLFOHVDQGKHDY\ WUXFNVRQ WKHH[LVWLQJEULGJHFRQVLGHUDEO\
LQFUHDVHGLQODVW\HDUV7KH6ORYDN5RDG$GPLQLVWUDWLRQ65$KDVIRXQGYHU\GDQJHURXVVWUXFWXUDOGHIHFWVGXULQJ
WKHYLVXDOVXUYH\7KHEULGJHZDVFODVVLILHGRQJUDGH9,,±7KH6WDWHRI(PHUJHQF\DQGZDVDFFHOHUDWHGFORVHGIRU
WUDIILFRQ6HSWHPEHU7KHIRXUHGJHJLUGHUVLQWKHVHFRQGVSDQZHUHYLVLEOHEURNHQ7KHGDPDJHRFFXUUHGE\
EULWWOHIUDFWXUH
7KHFUDFNVSURSDJDWLRQZDVGRPLQDQWLQWKHPLGGOHVSDQRIWKHJLUGHU&UDFNVZHUHVSUHDGLQJRXWDFURVVWKHGHSWK
RIWKHJLUGHU7KHZLGWKRIFUDFNVDFKLHYHGVHYHUDOFHQWLPHWUHVVHH)LJ7KHGHIRUPDWLRQRIWKHULJKWSDUWRIWKH
EULGJHGHFNZDVYLVLEOH7KLVHIIHFWZDVDFFRPSDQLHGE\WKHH[FHVVLYHRVFLOODWLRQRIWKHVWUXFWXUHFDXVHGE\KHDY\
WUXFNVRQWKHEULGJH


)LJ9LHZRQGDPDJHGJLUGHUV
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
)LJ'HWDLORIFUDFNDFURVVWKHHGJHJLUGHU
7KH YLVLEOH FUDFNVZHUH DOUHDG\ LQ WKH RWKHUV VL[ JLUGHUV LQ WKH VHFRQG VSDQ 7KHVH JLUGHUV ZHUH FDUU\LQJ DQ
LQFUHDVHGORDGWKDWWKHFRQVWUXFWLRQUHGLVWULEXWHGDIWHUEUHDNLQJRIIRXUHGJHJLUGHUV7KHFRUURVLRQRIWKHSUHVWUHVVHG
WHQGRQVZLWKVRPHUXSWXUHVZLUHVRFFXUUHGLQWKHILUVWVSDQDQGLQWKHWZRHGJHJLUGHUVLQWKHVHFRQGVSDQ
7KH EULGJH GUDLQDJH LV FRQFHQWUDWHG RQ WKH ULJKW VLGH RI WKH EULGJH FRQVLGHULQJ WKH EULGJH GHFN LV VLWXDWHG LQ
GLUHFWLRQDODUFK7KHG\VIXQFWLRQDOGUDLQDJHZDVDOVRWKHRQHRIUHDVRQIRUWKHSRRUFRQGLWLRQRIWKHJLUGHUVLQWKLV
SDUWRIEULGJH
7KHDEXWPHQWVVHDWVDQGSLHUFDSKDYHEHHQGDPDJHGZLWKOHDNDJHGHJUDGDWLRQRIFRQFUHWHDQGH[WHQVLYHFRUURVLRQ
RIUHLQIRUFHPHQWVHH)LJ7KHH[SDQVLRQMRLQWVZHUHGDPDJHGZDWHUFRXOGLQJUHVVDQGLWFDQOHDGWRFRUURVLRQRI
VWHHOEHDULQJV


)LJ9LHZRQWKHIDLOXUHLQWKHILUVWVSDQ
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)ROORZLQJ WKHGHFLVLRQRQ WKH EULGJH FORVXUH WKHKHDY\YHKLFOHVKDYHEHHQ UHGLUHFWHG LQRWKHU DOWHUQDWH URXWH
WKURXJKWKHPRXQWDLQVDGGOH³3UtVORS´ZLWKDIHZGR]HQNLORPHWHUH[WUD7KHRWKHUWUDQVSRUWDQGHPHUJHQF\VHUYLFHV
FRXOGGULYHWRDWHPSRUDU\OLJKWVWHHOEULGJHZLWKFRQWUROOHGRQHZD\WUDIILF7KHOLJKWWHPSRUDU\EULGJHZDVIRXQG
RQWKHFRQFUHWHSDQHOVIL[HGRQDEXWPHQWVDQGFHQWUDOSLHU6HH)LJ7KHFRQVWUXFWLRQRIOLJKWWHPSRUDU\EULGJHZDV
LQGHSHQGHQWRIWKHRULJLQDOSUHVWUHVVHGFRQFUHWHEULGJHVWUXFWXUH


)LJ9LHZRQOLJKWWHPSRUDU\EULGJH
7KHODUJHTXDQWLW\RIKHDY\YHKLFOHVFRXOGQRWEHJHWWLQJWKURXJKWKHPRXQWDLQURDGZLWKKXJHVORSHHVSHFLDOO\LQ
ZLQWHU WLPH7KHKHDY\ WHPSRUDU\ UDLOZD\EULGJHä0ZDVGHVLJQHGQHDU WKH GDPDJHGSUHVWUHVVHGEULGJH DQG
XUJHQWO\EXLOWLQ'HFHPEHU
1RZDGD\VDOOWUDQVSRUWRQWKHURDG,DUHGULYLQJRQWKLVKHDY\WHPSRUDU\EULGJHä0DQGWKHUHFRQVWUXFWLRQ
SURFHVVRIWKHILUVWSUHVWUHVVHGFRQFUHWHEULGJH1RZDVLQLWLDWHG
7KHUHVXOWVRIGLDJQRVWLFVVXUYH\
'XULQJWKHGHVLJQRIDOWHUQDWHURDGWKHGLDJQRVWLFZRUNVRQWKHEULGJHZDVUXQQLQJ7KHPDLQREMHFWLYHRIWKH
GLDJQRVWLFVXUYH\ZDVWRILQGRXWFXUUHQWWHFKQLFDOFRQGLWLRQRIWKHEULGJHVXEVWUXFWXUHZKLFKFRXOGEHXVHGIRUEULGJH
UHFRQVWUXFWLRQ EHFDXVH WKH GHFLVLRQZDVPDGH WKDW FXUUHQW VXSHUVWUXFWXUHZLOO EH GHPROLVKHG DQG UHSODFHGZLWK
VLPLODUEXWPRUHPRGHUQW\SHRIVXSHUVWUXFWXUH7KHUHDVRQRIWKLVGHFLVLRQZHUHIRXUEURNHQEHDPVDWVHFRQGVSDQ
ZKHUH WKHVHEHDPVZHUH WHFKQLFDOO\ LPSRVVLEOH WR VDYH WKHPE\ DQ\ UHFRQVWUXFWLRQ DFWLRQ2YHUDOO EDG WHFKQLFDO
FRQGLWLRQVRIILUVWVSDQEHDPVZLWKVLJQLILFDQWFRUURVLRQDOVROHGWRWKLVGHFLVLRQ7RSOD\HUVRIWKHVXSHUVWUXFWXUHZDV
H[WHQVLYHO\GDPDJHGDQGVDIHW\HTXLSPHQWZLWKEHDULQJVZHUHDOVRKHDYLO\FRUURGHG
3.1. Abutments 
&RQGLWLRQRIDEXWPHQWVGLGQ¶WLQGLFDWHDQ\VLQJVRIVWDELOLW\IDLOXUHRUDQ\GLIIHUHQWVWDWLFVIDLOXUH)DFLQJRIWKH
DEXWPHQWVDQGZLQJZDOOVZHUHZHOOSURWHFWHGDJDLQVWHURVLRQE\PPWKLFNTXDOLW\VWRQHFODGGLQJZLWKKLJK
TXDOLW\MRLQWLQJ$FFRUGLQJWRQHFHVVLW\RIFKHFNLQJXSWKHVKDIWFRQFUHWHFRQGLWLRQZHUHLQVHYHUDOSODFHVUHPRYHG
VWRQHEORFNV,QWKHVHSODFHVZHUHPDGHGULOOFRUHVRQZKLFKWKHPHDVXUHPHQWRIFRQFUHWHVWUHQJWKZDVUHDOL]HGILJ
7KHDUHDRIDEXWPHQWFDSDQGEDFNZDOOVZHUHVLJQLILFDQWO\GDPDJHGGXHWRDFWLYLW\RIDJJUHVVLYHZDWHUIURPZLQWHU
PDLQWHQDQFHDVZHOODVORZTXDOLW\RIFRQFUHWHGXULQJFRQVWUXFWLRQ

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D E 
)LJ$EXWPHQWGLDJQRVWLFD9LHZRQGHOHWHGVWRQHEORFNIURPDEXWPHQWVKDIWFODGGLQJE6SHFLPHQVRIWKHFRQFUHWHDQGVWRQHFODGGLQJ
IURPWKHDEXWPHQWV
7KHUHVXOWLQJFRPSUHVVLYHVWUHQJWKRIFRQFUHWHREWDLQHGIURPGULOOFRUHVZDVIURPWR03DFRUUHVSRQGLQJWR
VWUHQJWKFODVVRIFRQFUHWH&
%DVHG RQ GLDJQRVWLF UHVXOWV DVZHOO DV VWUXFWXUDO DQDO\VLV RI ERWK DEXWPHQWV GHFLVLRQZDVPDGH WR XVH WKHVH
DEXWPHQWV IRUQHZVXSHUVWUXFWXUHZKLFKZDVDVVXPLQJ WREH UHDOL]HGE\SUHFDVWEHDPVZLWKFRXSOHGGHFN%RWK
DEXWPHQWFDSVDVZHOODVEDFNZDOOVKDGWREHGHPROLVKHGDQGUHSODFHGZLWKQHZRQHVFRQVLGHULQJWKHLUEDGFRQGLWLRQV
3.2. Central pier 
7KHVDPHDVRQDEXWPHQWVFRQGLWLRQRISLHUGLGQ¶W LQGLFDWHDQ\YLVLEOHVLJQVRI VWDELOLW\ IDLOXUHDVFKDQJHRI
SRVLWLRQLQYHUWLFDORUKRUL]RQWDOGLUHFWLRQ+RZHYHULQERWWRPSDUWRIWKHSLHUZHUHUHFRJQL]DEOHVLQJVRIHURVLRQE\
ZDWHUSRZHURIEURRNQDPHG6WXGHQêSRWRNZKLFKKDVDWRUUHQWLDOFKDUDFWHU,WZDVFOHDUO\YLVLEOHWKDWWKHIRXQGDWLRQ
RIWLHSLHUZDVLQWKHSDVWVWUHQJWKHQHGE\FRQFUHWHDQGKHDY\SURWHFWLQJVWRQHEDFNILOOZDVUHDOL]HGZKLFKZDVODWHU
GDPDJHGE\ZDWHUDFWLYLW\7KHSLHUFDSZDVLQODWWHUGHJUDGDWLRQFRQGLWLRQZKDWZDVLQGLFDWHGE\GLVLQWHJUDWLRQRI
FRQFUHWHDQGFRUURVLRQRIEHDULQJUHLQIRUFHPHQWILJ7KLVZDVFDXVHGE\ZDWHU OHDNHGLQ WKURXJKWKHGDPDJHG
VXEVXUIDFHSOXJMRLQWZKLFKZDVSUDFWLFDOO\G\VIXQFWLRQDO7KHUHZDVXQGHVLUDEOHYHJHWDWLRQDVZHOOZKLFKGHVWUR\HG
LWVVWUXFWXUH7KHVDPHDVRQDEXWPHQWVWKHIDFLQJRIWKHSLHUVKDIWZDVYHU\JRRGSURWHFWHGDJDLQVWHURVLRQE\PP
WKLFNTXDOLW\VWRQHFODGGLQJZLWKKLJKTXDOLW\MRLQWLQJ
7KHUHVXOWLQJFRPSUHVVLYHVWUHQJWKRIFRQFUHWHREWDLQHGIURPGULOOFRUHVZDVIURPWR03DZKDWFRUUHVSRQG
WRVWUHQJWKFODVVRIFRQFUHWH&5HDOVWUHQJWKVRIWKHFRQFUHWHDUHSUREDEO\VOLJKWO\KLJKHU±EHFDXVH
GXHWRWHFKQLFDOUHDVRQVRQO\GULOOFRUHVZLWKFDOLEUHPPFRXOGEHWDNHQIURPDEXWPHQWVDQGSLHU

D E 
)LJ3LHUGLDJQRVWLFD9LHZRQGDPDJHGSLHUFDSDQGSOXJMRLQWE6SHFLPHQVRIWKHFRQFUHWHDQGVWRQHFODGGLQJIURPWKHSLHU
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%DVHGRQGLDJQRVWLFUHVXOWVDVZHOODVVWUXFWXUDODQDO\VLVRIWKHSLHUZDVDFFHSWHGWKHGHFLVLRQDERXWLWVIXUWKHU
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